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TEC!HNICXLNOTEk~O
ZNCREMENT!PITCEINGMCMENTSDUETO
FLAPSONSWTECANDTRIANGULARWINGS1
By HarryA. JamesandLynnW. Hun’con
SUMMARY
A methodispresentedwherebyincrementalpitchingmomentscanbe
estimatedforsweptandtriangularwingshavingarbitrarytypesof
trailing-edgehigh-liftflaps.In themethoduseismadeof span-loading
l
theorytogetherwithtwo-dimensionalairfoildataadjustedfortheeffects
ofsweep.Themethodas presentedwaslimitedto lowspeedsandsmall
l anglesofattack.
Applicationfthemethcxlisdemonstratedforsane58 casescovering
varioust~es offlapsonwingshatinga tiderangeofsweep,aspect
ratio,andtaperratio.Forallwings,sweptaswellas triangular,a
meandeviationfrcmexperimentofabout0.02in incrementalpitching-
momentcoefficientwasfound.
Two-dimensional-flapdatapertinento thegeneralapplicationf
themethodaresummarizedingraphicalform.
INTRODUCTION
Thetheoryofreferences1 and2 pemitstherapiddeterminationf
thespanwisedistributionf lift,lift-curveslope,aerodynamiccenter,
andinducedragforwingshavingarbitraryplanformsandtrailing-edge
flapconfigurations.Calculationsof thepitchingmcmentwithtrailing-
edgeflapsdeflected,however,areoutsidethescopeofthistheorysince
nomethodofestimatingthechordwisedistributionftheloadingdueto
flapdeflectionwasincluded.
Theworkof reference3 hasdemonstrated,ona particular45°swept-
backwingwithflaps,howtwo-dimensionalairfoildataandsweeptheory
canbe usedto estimatethechordwiseloaddistributiona sweptwing
v whenthespanwiseloaddistributionisknown.Oncethechordwiseand
spanwiseloaddistributionsarelamwn,of course,thepitchingmcxnentcan
.
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readilybe determined.Thepurposeofthisreportistopresenta method
forestimatingtheincrementalpitchingmomentduetotrailing-edgeflaps ‘“ ~*
on sweptandtriangularwingsby usingtwo-d@ensionalirfoildataand
theoryinconjunctionwithsweeptheory.TOdemonstrateherangeof -.b
applicabilityoftheprocedure,a studyhasbeenmadewhereinmeasured
andestimatedpitchingmomentsarecomparedfora wide.varietyof flap
configurationson swept-andtriangular-wingplan-fo~s.
-- -.
To’facilitatehegeneralapplicationfthemethod,someattention
hasbeengivento collectingfromnumerousourcesrelevantwo-dimensional
dataforthecommonlyusedtypesofhigh-lifi,.flaps,includingsomedata ““ - :
forflapswithareasuctionorblowing.Theseresultshayebeensummarized
hereinin graphicalform.
NOTATION ,.
.
aspectratio
wingspan
localchord
J:/’,2Q
meanaerodynamicchord,
&2cdy ‘-
—
liftcoefficient,~
pitching-momentcoefficientabout E/4,~itchingmomentqs~
sectionliftcoefficient,sectionliftqc
sectionpitchingmoment
sectionpitching-momentcoefficient, q~2
rateof changeof sectionliftcoefficientwithangleofattack,
perdeg
-..
rateof changeof sectionliftcoefficientwithflapdeflection,
perdeg
.
rateof changeof sectionpitching-momentcoefficientwithflap
deflection,perdeg
.-
b
.-
“.
— —
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centerofpressure,percentchord
wingarea
factorequalto 3-loo(Aq)2
free-streamdynamicpressure
longitudinalcoordinatefrom 5/4to local c.p.
lateralcoordinatefromplaneof synmetry
angleof attack,deg
c26flapeffectivenessparameter,~
z~
incrementalvalue
angleof flapdeflection,measuredinplaneparalleltoplaneof
symmetry,deg
angleof flapdeflectionforeffectivesectionmeasuredinplane
()
-1-tan5no-l tothereferencesweepline,5n = tan — degcosA >
angleof flapdeflectionmeasuredinplanenormaltohingeline,
deg
taperratio
afractionof semispan,b
sweepangle,deg
Subscripts
additionalliftdueto angleof attack
basicliftdueto csmber
flaporincrementdueto flapdeflection
average
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A yawedflow
A=o two-dimensionalor equivalenttwo-dimensional
METHODAIDAPPLICATION
Theintentof thisreportisto supplementreferences1 and2 for
thepurposeof obtainingestimatesofthepitchingmomentwithflaps
deflected.2 Thechordwisedistributionftheloadingdueto flapdeflec-
tionasdeterminedfmm two-dimensionald~ta&~eapplied,by meansof
simple-sweep.theory,to sweptwingsandtohighlytaperedplanfornissuclT-
astriangularwings.
.
Sectionloadingson finitesweptwingshavingmoderatetapercan
rathersuccessfullybe relatedtothoseintwo-dimensionalflowthrough
thesimple-sweep-theoryrelationsby treatingthemasuntaperedwings
havinga sweepangleequalto thatofthe c/4line,as demonstratedin
references3 and4. me primaryassumptionmadeisthateachsection
(streamwise)of thefinitewingisassumedtobehaveasthatof a yawed
infinitewinghavingidenticalstreamwiseg ometryanda sweepangle
equalto thatofthefinitewingas ill.ustrat;dinfigure1. Forthe
yawedinfinitewingthechordwiseloaddistributionsand centersofpres-
sureof streamwisesectionsareidenticalto thoseof sectionsnormalto
*heleadingedge. Thesenomnalsectionsdesignatedaseffectivesections
canbe relatedirectlytotwo-dimensionalairfoildatathroughsimple-
sweep-theoryelations.
.
l 
--
—
4
—
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To attempto applysweeptheoryto determineaneffectivesection
onwingswithlargeamountsoftaperleadsto-arather-complicatedsection
owingto thevariationin sweepangleoftheconstant~-percent-chord“fine>.
Obviously,intheinterestof simplicityof ap~lication,someapproximation
isrequiredforthiscase. Suchan
ina subsequentsection.
Untapered
approximateon
SweptWings
isdiscussedindetail
A methodisdevelopedfirstforthesimplercaseinvolvingno taper.
Oneeffectivesectionisusedforboththeadditionalandbasictypesof
chordwiseloading.Thefollowingstepsarethentakenforthepurposeof
obtainingestimatedlocalcentersofpressure;.. e-
‘Anotherapproachto thisproblemorelimitedinitsapplicability
ispresentedinNACATN 1674entitled“Estin&tionf.Effectivenessof
Flap-TypeControlson SweptbackWings,”1948,by JohnG. Lowry and
*
LeslieF. Schneiter. .
NACATN4040 5
1. Determinetheincrementalspanwiseloaddistributiondueto flap
deflectionfromavailabletheorysuchasreference1 (clversusq as
showninfig.1).
2. Obtainthecentersofpressureforthesections(stresmwise)of
thewingthatintersecttheflapas follows:
(a)Assumeeach‘finite-wingsectiontobe equivalentto oneon a
yawedinfinitewinghavinga sweepangleequaltothatof thefinite
wing, —
(b)Determinethegeometryof theeffectivesectionon theyawed
infinitewing. Beinguntapered,theflapdeflectionangleistheonly
importantparameterwhichdiffersbetweenthestreamwiseandeffective
sections.‘Theflap-chordratioremainsunchangedandthevariationin
thicknesscanbe ignored.
(c)Solveforan equivalenttwo-dimensionalliftcoefficientin
unyawedflowforeachsectionthatisbeingconsideredontheflapof
thefinitewing.
where Cz istheincremental.liftcoefficientdueto flapdeflection
andis eq~alto Cz.
(d)Determinea centerofpressurefromtwo-dimensionalairfoil
dataor fromtheoryof a sectionhavingthegeometryof theeffective
sectionin (b)andatthe13ftcoefficientobtainedin (c). Sincethe
section(streauwise)ofthefinitewingis assumedas identicalto
thaton theinfinitewing,thelocalcenterofpressurecanbe assumed
tobe thatfoundfortheeffectivesection.
3. Assumethecenterofpressurefortheunflappedsectionsof the
wingtobe locatedat the0.2j-chordline,exceptintheregionswithin
0.20semispanof theendsof theflap. Inthistransitionregion,the
center-of-pressurevariationcanbe approximatedby therelation
C.p.= 0.5+ k(Ac.p.).Thevalueof theconstantk andthedefinition
of Ac.P. aregiveninfigure2. Thisassumedvariationforthecenter
ofpressurenear.thendsof theflapwasbasedprimarilyon theexperi-
mentaldatashownin figure3.
h. Withthelocalcentersofpressureandthespanloadingdeter-
l
mined,an integrationf thesectionmomentsabouta commonaxisthus
yieldstheincrementalpitching-momentcoefficientdueto flapdeflection
.
6P1l/2 .
.
,
complicatesthedetermina-
concepts,owingto the “–
TaperedSweptWings
Introducingtaperintotheproblemrather
tionof aneffectivesectionfromsweep-theory
variationin sweepangleoftheconstant-perc~t-chordlines.Withflaps
retracted,theloadingisprimaril-ofthead~itionaltype--andmay
generallybeasaumedasconcentratedcloseto theO.~”-chordline.With
flapsextended,however,a largeportionof theloadingisof thebasic
(camber)typehavingamuchmorerearwardcenterofpreesure.Sincethe
loadline.fortheadditionalloading(i.e.,quarter-chordline)hasbeen
shown(ref.4) to servequitesatisfactorily-asthereferencesweeplime
to defineanaverageffectivesectionforthistypeof loading,it
wouldthenappearreasonableto expect hatwe basicloadlinemightin
similarfashionbe usedasa referencesweeplineto definean effective
sectionforthebasictypeofloading.Thus,theeffectof thevarying
sweepangleoftheconstant-percent-ch&dli@s ontheghordwiseloading
canbe approximatedina rathersimplemanner.Forthehighlytapered
wing,twodifferentpreferencesweepanglesb<comeinvolvedintheproblem
as illustratedinfigure4. C!omibiningthesetwoloads”one?n&yderivea
localcenterofpressureas follows:
.
.
.
e
-—
u
.
CZA= c~a (COS’%J+ czbA_o(cos%?J
A=o
.-
= cl
aA + c2bA
C-P*A=‘*’’(%9+cd%)
be simplifiedstillfur-However,it canbe=hownthattheprocedure~can
thurby useofonlythebasicloadlineasme referencesweepl-ine-”for
bothcomponentsof..theloading(additional~d basic).Proofthatuse “ “-—
ofonlytheoneloadlineyieldsan identicalvalueof c._~.’to that “
foundby usingbothloadlinesisgiveninA~endixA. Hence,themore
detailedprocedure.bypartsresolvesintooqe,nomoqedifficultthanthat
usedforuntaperedwingswh_ere-onlyoneeffectivesection””forbo”th%he’” ‘~- “-
additionalandhas~”cpartsofthe”loading.w~snecessa~”. .—
—
Thebasic-loadreferencesweeplinerequiredinthismethodwas _. .
determinedfromcalculationsof centerofpr~ssureof thebasicloadfor
a plainf@p usingthesectiontheoryofreference5. In thepre-sent‘- ““” ‘
analysistheplain-flaptheoryofthisrefe~ncehasbeenusedforall
flapconfiguratfo~irrespectiv~ofthetype; Thisprocedureisillus-
*
tratedinAppendixB andinfigure4-.It s~ouldbe”no~edthatthe “-.‘
—
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streamwisegeometryof thesectionconsideredonthefinitewingis
identicalto thatforthefictitiousyawedinfinitewing;moreover,the
effectivesectionis definedon thefictitiousyawedinfinitewingand
noton thefinitewing.
Two-DimensionalD ta
To facilitatetheuseofthemethod,a summaryof somepertinent
flapparametersandflapdatafromtwo-dimensionalairfoiltestsand
theoryisgiveninffgure~. Valuesof ~, C2 , C.p.b,andc% fora
plainflapfromthetheoryof reference5 ares~ownin figures(a).
Thevaluesof w andcmf forvarioustypesof flapsgiveninfigures(b)
and5(c)wereobtainedfromavailabletestdataofreferences6 to54.
Useofvaluesof ~ andcmf fromplain-flaptheoryaregenerallyappli-
cableforarea-suction-andblowing-typeflapsemployhgonlysufficient
amountsof suctionorblowingformaintenanceofattachedflowon the
flapsof thefinitewing. Useof thesedataisdemonstratedinAppendixB.
DISCUSSION
A canpletesummaryofthecalculationsmadeoftheincraentalpitch-
ingmomentsduetoflapsforsome58 caseson sweptandtriangularwings
atlowspeedispresentedintable1. Themeasuredpitching-mcxnentr sults
forthessmplewingswereobtainedprimarilyfrcmreferences55to79. ~
representativesamplingoftheseresultsis illustratedinfigures6(a)
and6(b)forthesweptandthetriangularwings,respectively.Herean
attempthasbeenmadeto showbrieflysaneresultsforeachofthevarious
typesofflapconfigurationsexamined.Theabsolutevaluesofliftand
mcmentindicatedin theseresultswereobtainedby ccmbiningthecalculated
incrementsofthesequantitieswiththerespectivemeasuredvaluesdeter-
minedfrcmtestsof thewingwithflapsretracted.Theslopesofthe
estimatedpitching-momentcurvesweredeterminedfromthetheoryof
reference2. An examinationf theseresultshows,surprisinglyenough,
thatlittledifferenceinaccuracyexistsbetweentheswept-andtriangular-
wfngresults.An over-allindicationof theaccuracyof themethodfor
all% casescanbe seenin thecorrelationplotoffigure7 wherea mean
deviationof theorderof 0.02in ~f wasfound.Themethd aspresented
waslimitedtothelow-speed,small-angle-of-attackr ngewherethe
longitudinalcharacteristicsareessentiallyinear,andin theliftrange
wheretheloadingduetoflapdeflectioncanbe calculatedwithreasonably
goodaccuracy.Sampleccqwarisonsofmeasuredandestimatedspanload
distributionsandlocalcentersofpressureat ct=o”areshownin
figure8 fora sweptanda triangularwing.
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CONCLUDINGREMARIW
Thelow-speedincrementalpitching-moment
deflectionofarbitrarytypesofpartia.1-spfii
.
coefficientsdueto .
trailing-edge,high-lift
flapson sweptandtriangularwingsat0°ang~eofa“ttackhavebeen ““
estimatedandthevaluescorrelatedwithtestresultsfora widevariety
of swept-andtriangular-wingconfigurations.Theestimateswerebased
on span-loadingtheorycombinedwithtwo-dime—nsionalairfoildata
corrected.toyawedflowconditions. —
=-
Theresultsof thestudyclearlyshowedthatsatisfactoryestimates
ofpitching-momenti crementscouldbemadeforwingswithsweepback
includingthosewithlargeamountsoftapersuchastriangularplanforms.
Forallwings,theestimatedincrementsofmomentcoefficientdeviated
fromexperimentby a meanvalueof about0.02.
—
l ‘“
AmesAeronauticalLaboratory .
NationalAdvisoryCormnitteeforAeronautics
MoffettFieldjCalif.,Apr.7,1~~ .-—
l
.
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APPENDIXA
USEOF THEBASICLOADLIITEAS THEREFERENCESWEEPIJXE
FORDETERMININGLOCALCENTERSOFPRESSURE
Thegeneralexpressionfortheloadingmadeup ofbasicand
additionalcomponentscanbe expressedincoefficientformas
Sincetheshapesof
tude,thefollowing
. pressureforeither
.
(Al)
theloadingsareassumedtobe invariantwithmagni-
expressioncanbe usedto definelocalcenterof
thefiniteor two-dimensionalcase.
c-p==04.29+c-e)
Theanalysisby partsforthetaperedsweptwingindicatesthat
CzA = C~aA=o(COS2h.a)+ C~bA_o(COS2@
and
-=+%)+&) “
Itistheintentnowto showthatonly
thedeterminationf c.p.
Fora particularflap-chordratio
(A2)
(M)
(A4)
thevalueof Ab is requiredin
anddeflection,-cz
~A=o
andC.’.b
canbe determinedfromtheoryor two-dimensionald tafromwhichthe
basicloadingforthefinitewingsectioncanbe ~ressed as
c‘bA= cZbA=oCoszflb
whichthendefinestheadditionalloading
(A5)
—
. .
CZaA= clA- czbA (A6)
.
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Substitutionfequations(A5)and(A6)intoequation(Al+)gives
c.p.A
Thetwo-dimensional
= cbA~or23(’Q*b-0=)+003 (A7)
—
pitching-momentcoefficientmaybe expressedas
- cmA=o
= Cztjj=o(c.p.~- 0.25)
Sub~titutionfequation(A8)into(A7)gives
c*p*A= 0.25- ?)’
A=o 062b
~
which,itcanbe seen,doesnotinvolvethevalueof
referenceline &.
(A8)
t
(Ag)
theadditionallift
.
l
.
.
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APPENDIXB
.
SAMPLECAICUIATIONSFORANASPECT-RATIO-2TRIANGULARWING
WITEA FULL-SPAN,CONSTANT-CHORD,PLAINFLAPDEFLECTED10°
‘3~yc$ @ p, g g @ go@
~ clA c-m-f . c“~’deg deg
o 0.1070.390.1350.6931.011.6-o.m o.1840.86
.1 .K@ .42 .143 .6931.411.7 -.1137.197 .83
.130 .45 .160 .6832.011.8 -.1197.222 .79
:: .150 .48 .177 .6733.311.9 -.@35 .257 .74
.h .175 .52 .203 .6633.812.O -.1307.295 .69
.5 .210 .56 .240 .6434.5I-2.l-.1386 .354 .64
.6 .270 .63 .26P .6137.01-2.5-.1450 .416 .60
.7 .360 .70 .313 .57 40.013.0 -.1388 .732 .51
.8 .530 .84 .379 .4!346.014.3 -.1106 .’788.39
.91.0001.00 .610 --- --- --- 0 --- .25
1.01.0001.000 --- --- --- 0 --- ---Iii‘12
!8
B010
Intervalsof 0.1wi3Qsufficegenerally.
Fromstreamwiseflapgeometry.
Theoreticalvaluesfromfigure5(a).
Incrementalspanloaddistributiondueto flapdeflection
fromavailablemethods uchas reference1.
Plain-flapbasicload C.P. fromfigure5(a).
Sweepof theconstant-percentlinethroughC.p.b from 5 .05~=tan-l(tanb/cos&) = tan-l(tanlOO/cos@).
Fromtwo-dimensionald taor theory(theoryusedin thiscase),
suchas infi re5(a),for
Q
cf~c oin 2 andflapdeflec-
tion % ~ 7 .
c~A=o= czA/cos =@/cos2 @.
oFromtwo-dimensionald taor theoryat CZA=O from 9 , for
--
cf/c in@, andflapdeflectionb in@; or computedby
C.P. do=0=?5-(cmf/qA=o)=o.25 - 8/9 .
At thispoint,severalof theacceptedprocedures~Y be usedwith
theaboveinformationtoobtainm incrementalpitching-momentcoef-
ficientdueto flapdeflection.TherelationC% =
L’”Oc~X*x!)
.
fromreference80 is sometimesused;ormoresimply
12
(x isthedistanceto C/hfromthewing
theaboveexsmplewasfoundtobe:
~q . (372-0.206~ “90.7
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l
.
ce@er ofpressure)whichfor
= -o.og8
Configurationshavingconstant-percent-chordflapsnaturallyhave
singularvaluesof @, @, @, @, ~~ and@ and>consequently>
thecomputationsarereducedconsiderably. l
.
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